The failed fusion between two acromial apophyses, called an os acromiale, is often asymptomatic and found incidentally during evaluation for unrelated shoulder pathology. Though this is frequently not the primary pain source, a mobile os acromiale fragment can cause inflammation at the pseudarthrosis site, rotator cuff impingement, or AC joint arthritis. Varying operative techniques exist with good to satisfactory results for symptomatic patients. Several operative techniques have been described including open excision, open reduction-internal fixation (ORIF), arthroscopic acromioplasty or subacromial decompression, and arthroscopic excision. Open excision of a meso-acromion can lead to persistent pain and deltoid weakness and atrophy. The management of a meso-acromial fragment with ORIF can also result in persistent pain and deltoid weakness and atrophy with nonunion of the fragments. Arthroscopic excision of the meso-acromion is described as a viable alternative for surgical candidates.
Introduction
An os acromiale is usually found incidentally during the evaluation for unrelated shoulder pathology as most patients are often asymptomatic for this condition [1] . The acromial apophysis develops from four main classification centers: (1) the pre-acromion, (2) the mesoacromion, (3) the meta-acromion and (4) the basi-acromion [2] . The os acromiale represents a failure of fusion between two of these apophyses [2] . The types of os acromiale are defined by the unfused segment immediately anterior to the site of nonunion [3] . For example, failed fusion between the meta-acromial and meso-acromion ossification centers is called a mesoacromiale [3] . Although the reported prevalence of os acromiale in skeletally mature shoulders has ranged from 1.3 to 30% [2] [3] [4] , it is not frequently diagnosed as a cause of pain [2, 4, 5] . The great majority of os acromiale are meso-acromions ( Figure 1) . Pre-acromial fragments occur much less frequently and a meta-acromiale is rare [3] .
A mesotype of os acromion is uncommon shoulder pathology but when symptomatic, presents the surgeon with a diagnostic dilemma with inconsistent outcome treatment options with various surgical techniques. It is not frequently diagnosed as a cause of pain [2, 4, 5] but when other factors have been ruled out, such as impingement or other shoulder pathology, what is the best treatment option is dependent on the age of the patient and their activity level.
The condition can be symptomatic secondary to pain or inflammation at the pseudarthrosis site from the mobile fragment impinging on the rotator cuff [5, 6] or arthritic changes of the acromioclavicular joint due to hypermobility of the os [2] . The diagnosis of a symptomatic os acromiale can be difficult but can be made by the presence of pain and local tenderness over the anterior acromion and the nonunion site [3, 5] a hyper-mobile fragment at the anterior acromion [3] , positive impingement signs [5, 7] , and positive local injection tests [3] .
The area of fibrous union or non-union of the os acromiale fragment may become painful after the patient has minor trauma [1] or from repetitive overhead activities of the shoulder. The persistent pain may be due to acromioclavicular (AC) joint arthropathy as a result of motion of the os acromiale site or from local inflammation at the non-union site [5] . Because there are multiple potential causes of shoulder pain, it is important to rule out other sources of shoulder pain. A thorough clinical examination is needed to define the source of the pain.
When non-surgical treatment fails, surgical management is warranted. A number of surgical techniques have been widely described such as open fragment excision [8] , arthroscopic acromioplasty [1, 7, 9, 10] , open reduction and internal fixation (ORIF) [2, 3, 5, 6, [11] [12] [13] , or arthroscopic excision [14, 15] . The excision of a pre-acromion arthroscopically or open is usually satisfactory [14, 15] . However, open excision of a symptomatic meso-acromion has led to poor results with residual pain, weakness, and deltoid dysfunction [5, 8, 16] . Arthroscopic subacromial decompression has led to good results in many studies, but the satisfaction rate has ranged from 0 to 85% [1, 7, 9. 10] . However, in those studies many of the patients had subacromial impingement and the os acromiale was asymptomatic. ORIF has also led some mixed results with many different surgical techniques described [2, 3, 5, 6, [11] [12] [13] 17] . Hardware complications, nonunion, and the need for hardware removal are common after ORIF even when radiographic union has occurred [1-3, 5, 11, 13] .
There are some patients who are not candidates for open reduction and internal fixation or for arthroscopic subacromial decompression because of many reasons including concomitant AC joint osteoarthritis, history of previous arthroscopic subacromial decompression with recurrence of pain, or advanced age and the risk of nonunion or the unwillingness to undergo a second surgery for hardware removal, which is very common after ORIF. Arthroscopic excision of the meso-acromion is described as a viable alternative for surgical candidates.
Diagnostic imaging
Plain radiographs are the mainstay of diagnostic imaging. An axillary view should be made routinely to diagnose and confirm the presence of an os acromiale. More frequently, the diagnosis is made incidentally. Lee and colleagues [18] described the double-density sign on a standard anteroposterior radiograph of the shoulder and a cortical irregularity on the supraspinatus outlet view which was highly suggestive of an os acromiale ( Figure 1 ). MRI or Figure 2 . MRI left shoulder that shows an intact rotator cuff, healing of the previous SLAP repair, moderate AC joint osteoarthritis, and a meso-acromion with sclerotic changes and soft tissue swelling at the meso-acromion site.
CT scan can also be used to confirm an os acromiale and to determine if there are any sclerotic or inflammatory changes at the site which may be indicative of degeneration or symptomatic findings. Bone scans may help illustrate the inflammatory response at the non-union site [5] . MRI and MR arthrogram are also helpful to determine if there is any other intra-articular (SLAP lesion) or other pathology (partial or full thickness rotator cuff tear) which may be a source of pain ( Figure 2 ).
Nonsurgical management
Nonsurgical treatment for an isolated symptomatic os acromiale is generally recommended as the initial approach [19] . Rest and restriction of activities accompanied by a structured physical therapy program along with a course of nonsteroidal anti-inflammatory medications similar to a typical impingement protocol is a reasonable approach [19] . A subacromial corticosteroid injection can also be used and may help or eliminate the pain due to impingement or subacromial bursitis.
A selective injection into the os acromiale site with lidocaine (lidocaine injection test of 5 cc'sof 1% lidocaine with reexamination 10 min later) as a diagnostic tool or with a corticosteroid can also help to determine whether or not the os acromiale is the source of the pathology and may also help relieve the symptoms and surgery may not be necessary.
Surgical options
Once the os acromiale or, in particular, the meso-acromion, has been determined to be the source of pain and non-operative treatment options have failed, there are a number of different surgical options ranging from acromioplasty to open resection, open reduction and internal fixation, and arthroscopic resection. The results in the literature vary considerably and are controversial. Depending on the type of os acromiale, the age of the patient, and their activity level, the best surgical options vary for each individual patient. For the sake of this discussion and review for surgical options, we will only address the most common type of os acromiale: the meso-acromion.
Open excision
Open fragment excision of the symptomatic meso-acromion has had mixed results in the literature due to residual deltoid weakness and dysfunction post-operatively [19] . Mudge and colleagues [8] reported on 6 patients with an os acromiale who underwent open fragment excision but all of them also had associated rotator cuff tears which were repaired with an open technique. Four had excellent results, but two had poor results which may have been due to the severity of the rotator cuff tear or possibly due to the excision of the os acromiale. It is also unclear from their research what type of os acromiale was present as the pre-acromion represents only a small portion of the os acromiales whereas the meso-acromion represents a much larger portion.
The results of an open excision for a meso-acromion from other authors are poor. Armengol and colleagues [20] reported on a case series of 41 patients with an os acromiale in conjunction with rotator cuff tears. Five patients had open fragment excision and all five had poor results. Warner and colleagues [5] reported on 3 patients who underwent fragment excision, one with a pre-acromion who had an excellent result, but the other two had meso-acromions, which were openly excised. These two patients had poor results with persistent weakness and pain. It is likely that the pain and weakness they had after surgery was due to the loss of the normal acromial fulcrum for function of the deltoid. Open fragment excision has limited indications and is recommended for a symptomatic pre-acromion with a relatively small fragment or as a salvage procedure after a failed ORIF [19] .
Open reduction and internal fixation
There are many studies that deal with open reduction and internal fixation of symptomatic meso-acromions using different techniques including the use of tension-band wires, sutures, or cannulated screws with or without bone graft. Internal fixation is technically difficult and has led to frequent nonunion rates and often requires hardware removal as a result of postoperative irritation [12] . Aboud and colleagues [1] reported on 19 patients with a meso-acromion, 8 (42%) which were treated with open reduction and internal fixation. Even though all 8 patients achieved union of the fragment, only 3 of these 8 (38%) patients achieved a satisfactory result.
Peckett and colleagues [13] reviewed 26 patients with symptomatic meso os acromiale that were treated with either K-wires or screws and a tension band. If bone stock was adequate, local bone graft was placed in the pseudarthrosis site but there was no mention in how many cases this was performed. The rate of union was 96% (25 of 26) and 24 of 26 were satisfied with their results. However, no objective or subjective shoulder scores were reported. There were two postoperative fractures and eight patients had postoperative pain that was subsequently relieved by wire or screw removal.
Ryu and colleagues [17] reported on 4 patients with symptomatic meso-acromions treated with diagnostic arthroscopy followed by open reduction and internal fixation using partially threaded, 3.5 mm cannulated screws, such that compression could be achieved across the fibrous union site. All of the patients reported complete satisfaction with the procedures with an average postoperative UCLA rating score of 35, a maximum score of 35 indicates that patients were pain-free and had returned to their previous activities without restriction. All regained full range of motion and full strength without any complications or reoperations for symptomatic hardware.
Warner and colleagues [5] reported on 11 patients (12 shoulders) who underwent ORIF with iliac crest bone grafting comparing two fixation techniques. Each technique incorporated debridement of the nonunion site with incorporation of iliac crest autograft spanning the debrided nonunion site. Five shoulders in 4 patients underwent ORIF with a tension-band procedure including the use of pins and wires. Four of these 5 shoulders (80%) resulted in persistent nonunion. The other 7 patients had an ORIF using cannulated screws and an 18gauge wire passed through the screws in a figure of 8 fashion. Six of 7 were successful unions. Nine of the 12 shoulders treated with ORIF required hardware removal. Two patients who failed ORIF had open excision of a grossly unstable meso-acromion with persistent pain and weakness following the procedure.
Hertel and colleagues [21] reported on 15 shoulders in 12 patients who underwent ORIF for unstable os acromiale fragments using tension band wiring with the use of bone grafting. Two surgical approaches were used. An anterior deltoid-off approach was used on 7, whereas the other 8 shoulders were approached trans-acromially to preserve the deltoid origin. Union occurred in 3 of 7 cases approached anteriorly and in 7 of 8 shoulders repaired without detachment of the deltoid. The investigators concluded that fusion was more successful when the vascularity of the acromial epiphysis was maintained, likely through the acromiale branch of the thoracoacromial artery.
The techniques and approaches associated with the most successful types of ORIF include those with rigid internal fixation and preservation of the blood supply of the os acromiale fragment [21] . However, even in cases of successful union, patients may still have hardware discomfort requiring hardware removal [19] .
Arthroscopic subacromial decompression and acromioplasty
Arthroscopic subacromial decompression and acromioplasty is used primarily when impingement with or without a rotator cuff tear is present and the nonunion site of the os acromiale is nontender and considered to be incidental [19] . As with other treatment options, the results are variable. Wright and colleagues [7] reported on 13 patients following an arthroscopic acromioplasty of a meso-acromion and found no decrease in anterior deltoid strength and no occurrence of deltoid detachment. None of these patients had pre-operative symptoms or signs localized to the os acromiale pseudo-arthrosis site. Good or excellent results were found in 11 of the 13 cases with an average UCLA shoulder rating scale of 31.
Hutchinson and colleagues [9] reported on 3 cases of impingement syndrome with an associated os acromiale treated with arthroscopic subacromial decompression. Each had good or excellent results in the early post-operative period but the pain returned each case requiring additional surgical intervention. Repeat arthroscopic debridement and excision of the fragment resulted in a good result in one patient while the other two patients the os acromiale was not removed. Both patients had residual pain with impingement like symptoms and pain with overhead activities following the second procedure.
Arthroscopic excision
Arthroscopic excision can be a better option with a larger os acromiale such as a mesoacromion. Campbell and colleagues [14] reported on 28 patients with 31 os acromiale. Three patients had a pre-acromion and 28 patients had a meso-acromion. After failing conservative management, the patients were taken to surgery and arthroscopic excision of the preacromions and meso-acromions was performed in 14 shoulders (45%) using a 4.5 mm flat acromionizer burr, leaving the periosteal sleeve and deltoid attachment. A rotator cuff tear was identified in 16 (52%) of the 31 shoulders. Arthroscopic repair was performed in 9 shoulders and a mini open repair (lateral deltoid splitting) in 7 shoulders. Eighty-nine percent had good or excellent results with little difference in deltoid strength and in subjective or objective change in the appearance or contour of the anterior deltoid in those patients in which the meso-acromion was removed.
Pagnani and colleagues [15] reported on 12 patients (14 shoulders) with persistent shoulder pain that interfered with athletic participation. Symptoms included impingement-like pain with overhead activity and weight lifting, night pain, and an inability to sleep on the affected side. All had tenderness at or near the meso-acromion. All were males between the age of 18 to 25 years and all were engaged in competitive athletics. Eleven of the twelve patients were elite collegiate or professional athletes. Nine patients (11 shoulders) were treated with arthroscopic excision of the anterior acromial fragment. Using an arthroscopic technique, the acromial fragment was carefully shelled out and the deltoid fascia insertion onto the remaining acromion was preserved to prevent deltoid disruption. With a minimum of two-year followup with a range of 2-6.5 years and an average follow-up of 3.72 years, all patients were able to return to full athletic participation by 14 weeks after surgery. No deltoid function was compromised by the procedure and there was no evidence of deltoid weakness or cosmetic deformity post-operatively.
Reviewing the literature, the studies of Pagnani [15] and Campbell [14] are the only ones dealing with the arthroscopic excision of symptomatic meso-acromions. The surgical technique requires no special instrumentation and may be reproducibly performed by those familiar with arthroscopic techniques of the shoulder. The advantages include more rapid rehabilitation, better range of motion and shorter surgical times [12] . There is also no need for a second surgery for symptomatic metal removal. Even though both studies reported excellent results, most orthopedic surgeons are reluctant to recommend or perform an arthroscopic excision for fear of resultant muscle weakness, cosmetic deformity and/or perhaps the technical difficulty of performing such a procedure.
Surgical technique for arthroscopic excision
A shoulder diagnostic arthroscopy should be performed in the lateral decubitus position while the patient is under general anesthesia. A 15-point diagnostic arthroscopy of the glenohumeral joint is performed, addressing any intra-articular pathology including loose body removal, labral debridement or repair, capsular release, and evaluation and debridement of the articular side of the rotator cuff. The subacromial space is entered into and the arthroscopic shaver is introduced through a separate lateral incision. Then, the subacromial space is examined, addressing bursitis, impingement, and bursal sided rotator cuff tears. The soft tissues are then taken off of the undersurface of the acromion and the coracoacromion (CA) ligament is released but not cut. A radiofrequency device is preferred versus a shaver as it causes less bleeding and allows for better visualization (Figure 3) . The anterior and lateral edges of the acromion are then identified along with the pseudoarthrosis or synchondrosis site of the mesoacromion (Figure 4) .
The entire meso-acromion should be identified and stripped of all soft tissues, using an oval burr via the lateral portal while viewing posteriorly ( Figure 5) . Arthroscopic excision using a burr is performed with careful attention not to damage or disrupt the deltoid fibers, which are attached to the remaining portion of the acromion. Meticulous technique is required to prevent disruption of the deltoid fibers ( Figure 6 ). Once this is completed, co-planning of the distal aspect of the clavicle should be performed if there is any evidence of arthritis. The soft tissue shaver can then be reinserted to debride any residual soft tissue and ensure complete removal of the meso-acromion. (Figure 7) .
Post-operative care for arthroscopic excision
X-rays should be taken post-operatively to assure adequate resection of the meso-acromial fragment (Figure 8 ). Patients should be placed into a sling for 2 weeks to allow the incisions to heal and are instructed on active elbow flexion and extension exercises, active gripping exercises of a small exercise ball with gentle, pendulum exercises. After 2 weeks, the patient's sling should be discontinued and are placed into an aggressive physical therapy program for active assisted range of motion, followed by a strengthening program. Post-operative visits should be . Viewing the subacromial space anteriorly from the posterior portal in a left shoulder in the lateral decubitus position, the arthroscopic shaver (AS) is introduced through the lateral portal to remove any residual soft tissues from the remainder of the acromion and to make sure that the entire meso-acromion has been removed. The remaining acromion can be visualized superiorly.
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Author's indications for surgery and preferred technique
The senior author (WBS) has been treating shoulder patients for over 20 years. As discussed here in this chapter, many meso-acromions are incidental findings on x-ray and are asymptomatic and should be left alone. If there is ever a question of whether the meso-acromion is the source of a patient's shoulder pain, we prefer the technique of a local injection of 5 cc'sof 1% lidocaine into the synchondrosis of the meso-acromion and if that gives pain relief, it is usually diagnostic for a symptomatic meso-acromion that needs to be addressed surgically. We will also often follow the local lidocaine injection with a corticosteroid injection into the area as this can give some patients long lasting pain relief. Once the meso-acromion has been determined to be the cause of the pain, the senior author recommends arthroscopic excision using the techniques described in this book chapter. At the time of surgery, the meso-acromion is most often loose and the synchondrosis is easily identified arthroscopically and removed. In our experience, we have not seen any evidence of deltoid weakness or atrophy in the patients we have treated with arthroscopic excision and all have been able to resume normal overhead activities with virtually no pain and no subjective or objective evidence of weakness.
Summary and conclusions
Symptomatic os acromiale are uncommon shoulder pathology but have several management options. When conservative management fails, operative management is warranted. Arthroscopic excision is a much better option than open resection or even ORIF. ORIF of mesoacromial fragments has led to mixed results [1, 2, 5, 13] and is not a good option in patients who are older or who have AC joint osteoarthritis. We prefer arthroscopic excision of the os acromiale/meso-acromion fragment and have found it to be a reliable technique that gives good long term patient satisfaction with no loss of strength. Future studies need to be done to address and analyze the surgical option of the arthroscopic excision of symptomatic os acromiale and in particular, meso-acromion, in certain patient populations. This could lead to a better understanding and treatment options of this difficult and challenge clinical shoulder problem.
